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EFFECT OF PRESSUREON THE SUPERCONDUCTOR Cd2Re2O7�M. Abliza;b, M. Hedoa, Y. Uwatokoa, T. MatsumotobM. Hanawaa and Z. HiroiaaInstitute for Solid State Physis, University of Tokyo, KashiwanohaKashiwa, Chiba 277-8581, JapanbNational Institute for Materials Siene, Sengen 1-2-1Tsukuba, Ibaraki 305-0047, Japan(Reeived July 10, 2002)The pressure study of superondutivity on a pyrohlore oxide Cd2Re2O7has been done by using a hybrid type piston ylinder ell up to 2.7GPa.The superondutivity transition temperatures T inrease linearly from 1Kto 2.6K with inreasing pressure up to 2.4GPa. The residual resistivity�0 gradually inreases with pressure and then suddenly inreases around2.4GPa. We found that two step superondutivity transitions appearbetween 0.6 and 1.36GPa and then disappear with inreasing pressure.PACS numbers: 74.62.Fj, 74.25.Fy1. IntrodutionThe new type superondutor Cd2Re2O7 belongs to the pyrohlore(A2B2O7) oxide family and has transition temperature T about 1K [1, 2℄.Reently, the spei� heat and other eletrial properties have been studiedextensively by Hiroi et al. [3, 4℄. The remarkable things of this ompoundare about its struture, beause A and B sites possess a orner-sharing tetra-hedral network of magneti ions. Then geometrial frustrations our in thisompound, whih makes an unusual ground state. So it is interesting that su-perondutivity ould our in suh a strutural frustration system. Aord-ing to Sakai et al., Cd2Re2O7 is a type II superondutor with an isotropigap [5℄. Another seond order phase transition ours at Ts = 202K where,however, hanges from pyrohlore Fd3m to another pyrohlore F43m one [6℄.� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(489)



490 M. Abliz et al.The ell volume inreases slightly with dereasing temperature below Ts.So it is exeutable what the remarkable pressure e�et on superondutivityand strutural phase transitions. High Pressure (HP) study has already beendone by Hiroi et al., from RT to 2.3K with pressure up to 8GPa by usinga ubi-anvil pressure ell. Unfortunately, the behaviors of superondu-tivity transition temperatures T under the pressure was not measurementsunder 2K for the temperature limit of HP apparatus. In this paper, Wehave studied of HP e�ets on the superondutivity down to T = 0:35K.2. ExperimentalA single rystal [3℄ with dimensions of 0:45� 0:41� 1:5mm3 was used inthis studies. Sample and golden wire were adhered by using silver paste andthen put it into �uorinate pressure medium in the ell. Eletrial resistivitywas measured by using a standard four-probe method under HP. The hy-drostati pressure of eah measurement was applied at room temperature.The Ni�Cr�Al lamp ell with inner diameter 4 mm� was used and pistonylinder lamp ell was onneted to 3He ystat to get low temperature. De-tails of the hybrid type piston ylinder ell apparatus have been desribedelsewhere [8℄. 3. ResultsThe temperature dependenes of eletrial resistivity measured from 0.35Kto 300K for various pressure are shown in Fig. 1(a). At 1 bar, the eletrialresistivity is almost independent of the temperature, but below T = 202K
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(a) (b)Fig. 1. Temperature dependene of resistivity of Cd2Re2O7 for various pressure (a).Temperature dependene of resistivity of Cd2Re2O7 in a low temperature regionfor various pressures (b).



E�et of Pressure on the Superondutor Cd2Re2O7 491suddenly dereases due to the strutural phase transition. This transi-tion are onsidered to make hanges of eletroni state of this ompoundwhih beomes goodmetalli below Ts [3℄. Aording to theHarima et al.,band alulations, the spin�orbit interation is mostly ontribute to thisphase transition, beause of absene of the inversion symmetry where thestruture hanges from Fd3m to F43m [7℄. Fig. 1(b) shows the result of resis-tivity for a low temperature region. The superonduting transition temper-ature inreases from 0.9K to 2.6K with inreasing pressure up to 2.4GPa.The superondutivity transition temperature was de�ned by a o�set of theresistivity in this experiment. It is remarkable result that the superon-duting transition is a two steps one in this pressure regions. These twosteps have been observed very learly for between 0.6 and 1.3GPa. Thesuperonduting transition vanished ompletely under the pressure 2.7GPa.The residual resistivity �0 di�ned as avalue of extrapolated to 0K in-reases gradually with pressure below 2GPa and then inreases suddenly(see Fig. 2(a)). The pressure dependene of �0 is onsistent with the previ-ous data of Hiroi et al., [3℄. It may be onsidered due to not only a impuritysattering but also an undistorted pyrohlore struture.The phase diagram under pressure is shown in Fig. 2(b). The struturalphase transition and superonduting transition temperatures derease andinreases linearly with inreasing pressure up to 2.7GPa and 2.4GPa, re-spetively.
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(a) (b)Fig. 2. Pressure dependene of residual resistivity of Cd2Re2O7 (a), P�T phasediagram of Cd2Re2O7 (b).



492 M. Abliz et al.4. DisussionThe pyrohlore oxid Cd2Re2O7 is a semi-metal for the temperature aboveTs with low arrier density [7℄. Below Ts, it beomes metalli under stru-tural phase transition. It is onsiderable that Re4+ mostly ontribute toondutivity below Ts. The anomalous inrease of the residual resistivity in-diate that harge �utuation ould be our due to the unstability of Re4+under the pressure [3℄. On the other hand, inrease of T with pressure mayindiate that harge �utuation ould be ontrol at the temperature belowT for the pressure up to 2.4GPa. As a result, the two-steps superondu-tivity phenomena, may be aused by the harge �utuation, our duringthe superondutivity transition under the pressure to 1.4GPa.Parts of this work was supported by the Grant-in-Aid for Sienti� Re-searh from the Ministry of Eduation, Sport, Siene and Culture of Japan.REFERENCES[1℄ R. Jin, J. He, S. MCall, C.S. Alexander, F. Drymiotis, D. Mandrus, Phys.Rev. 64, 180503 (2001).[2℄ P.C. Donohue, J.M. Longo, R.D. Rosenstein, L. Katz, Inorg. Chem. 4, 1152(1965).[3℄ Z. Hiroi, T. Yamauhi, T. Yamada, M. Hanawa, Y. Ohashi, O. Shimomura,M. Abliz, M. Hedo, Y. Uwatoko J. Phys. So. Jpn. 71, 1553 (2002).[4℄ M. Hanawa, J. Yamaura, Y. Muraoka, F. Sakai, Z. Hiroi, to be published inJ. Phys. Chem. Solids.[5℄ H. Sakai, K. Yoshimura, H. Ohno, H. Kato, S. Kambe, R.E. Walstedt,T.D. Matsuda, Y. Hana, Y. Onuki, J. Phys. Condens. Matter 13, L785 (2001).[6℄ M. Hanawa, Y. Muraoka, T. Sakakibara, J. Yamaura, Z. Hiroi, Phys. Rev. Lett.87, 187001 (2001).[7℄ H. Harima, to be published in J. Phys. Chem. Solids Rev.[8℄ T. Matsumoto, private ommuniation.


